Demos and colleagues (1967) obtained good antireflux results from transposing an intercostal myoneurovascular pedicle around the gastro-oesophageal junction in dogs. An intact neurovascular supply is essential for the viability of a muscle flap. The aim of this study was to delineate the nerve and arterial supply to the left 11 th intercostal muscle in the rabbit and to assess whether this muscle could be mobilized as a viable flap.
When a muscle flap is mobilized, it is essential that it contains an intact neurovascular supply so that function and viability are maintained. Thus, knowledge of the neurovascular anatomy is important. Demos and co-workers transposed an intercostal myoneurovascular pedicle around the gastrooesophageal junction, providing an antireflux procedure in dogs and humans (Demos et al. 1967 (Demos et al. , 1993 . The aim of this study was to perform the transposition with an intact neurovascular pedicle in rabbits. The neurovascular supply to rabbit intercostal muscle has been described (Whitehouse & Grove 1934; Bensley 1945; Craigie 1984) but these descriptions do not provide sufficient surgical anatomy. This study demonstrated the Correspondence to: Colin Elton MS FRCS, 7 Rathgar Close. Finchley, London N3 1UA, UK neurovascular supply of the left 11th intercostals using methods of gross dissection, histological staining techniques, and aortography.
Methods

Gross dissection
Four New Zealand White rabbits (mean weight 2.85 kg) were killed by Schedule 1 procedure, i.e. an overdose of sodium pentobarbitone (60 mg/mll via the marginal ear vein. A midline incision was made along the back of each animal. The muscles of the back were dissected from their attachments to the ribs and the spinal column. The left 11th intercostal space was exposed, and the adjacent vertebral bodies and spinous processes were stripped away to reveal the spinal cord.
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Histological staining
The same four New Zealand White rabbits were used for the staining techniques. In each animal, the left 11th intercostal muscle group was removed from its attachments, making sure that the intercostal nerve was also removed in its entirety. The specimen was pinned out on cork, and fixed in 10% buffered formalin, pH 7.0. After fixation, the specimens were processed and cut on a microtome to produce longitudinal sections 10IJm thiclc The sections were stained with haematoxylin and eosin (H&E), and Van Gieson's methods.
Aortography
Four New Zealand White rabbits (mean weight 3.lOkg) were killed with an anaesthetic overdose as described above. Each animal underwent the following procedure. A midline abdominal incision was made from xiphoid process to symphysis pubis. All viscera were removed, and visceral branches of the aorta were ligated. The abdominal aorta was cannulated with a 16G venflon (TM) at the level of the second lumbar vertebra. Five millilitres of Urografin 290, a radio-opaque contrast fluid, was infused slowly through the cannula. Serial radiographs were taken during infusion. The same method was used in two further rabbits, except that the left 9th, 10th, and 11th intercostal muscles were mobilized and fixed to the anterior abdominal wall with sutures before infusion of the contrast medium.
Electrical stimulation
Three New Zealand White rabbits (mean weight 2.94 kg) underwent non-recovery procedures. Anaesthesia was induced with intramuscular injections of Hypnorm (fentanyl/fluanisone) 0.5 ml/kg and diazepam 2 mg/kg, and maintained with a mixture of halothane (1.5%) and oxygen (500ml/min). The animals underwent a 423 laparotomy through an upper abdominal midline and left subcostal incision. The left 11th intercostal muscle group was freed from its rib attachments and mobilized with its neurovascular bundle medially as far as the attachments of the diaphragm to the ribs. A window was created dorsal to the oesophagus. The newly created intercostal muscle flap was pulled through this window, wrapped around the oesophagus, and sutured back on itself, forming a 360 0 wrap.
The animal was then turned onto its right side. The 11th and 12th ribs were palpated on the back, and traced medially so as to identify the most medial aspect of the 11th inter-. costal space. Two needle electrodes (23G x 20 mm length) were inserted subcutaneously in this position to lie within the medial portion of the left 11th intercostal space in the region of the intercostal nerve. One served as a cathode and was placed most medially, and the other, the anode, was sited 5 mm lateral to the cathode. Three recording electrodes (23G x 20 mm length I were attached to the preamplifier of a Sapphire lL nerve conduction machine (Medelec, Old Woking, UK). Two acted as earth (inserted subcutaneously into the anterior abdominal wall) and reference electrodes. The third, the active electrode, Was inserted into the intercostal muscle encircling the oesophagus. The amplifier gain was adjusted according to a response (typically 1mV per division) with a sweep speed of 10msec. The square-wave DC stimulus voltage was typically 50-60V (100~sec duration), adjusted to obtain a supramaximal response. Three separate single stimulus/response tracings were superimposed in order to estimate the distal motor latency. This is the earliest response from activated muscle fibres.
At the end of these procedures, the animals were killed by anaesthetic overdose as above.
Results
Gross dissection
A single nerve from the spinal cord passed between the external and internal intercostal muscles in the left 11th intercostal spacethe 11th intercostal nerve. A branch of the abdominal aorta, the 11th intercostal artery divided into a peritoneal branch and a muscular branch close to the aorta. The peritoneal branch passed directly into the posterior peritoneum, whilst the muscular branch travelled between external and internal intercostal muscles in the left 11th intercostal space.
The intercostal neurovascular bundle consisted of vein, artery, and nerve which lay, vein most cranial, and nerve most caudal, between external and internal intercostal muscles just beneath the caudal border of the 11th rib.
Histological staining
As shown in Figs 1 and 2, there is a single main intercostal nerve contained within the muscle substance. The nerve supplies the muscle fibres through small axonal branches.
Aortography
The results of aortography confirmed the findings at gross dissection. The intercostal muscles are supplied by a muscular artery, a branch of the main intercostal artery (Fig3) . The muscular artery passes parallel to, and just below the caudal border of the 11th rib. A similar pattern is seen in higher intercostal spaces.
After mobilizing the intercostal muscles, contrast is still seen in the muscular artery within the muscle [Fig 4) .
Electrical stimulation
The distal motor latencies of the three intercostal transpositions were consistent with intact intercostal nerves: 1.56, 1.40, and 1.33msec. In each case, reproducible responses were readily obtained, and could be easily superimposed (Fig 5) .
Discussion
Intercostal myoneurovascular pedicles have been used to close small oesophageal or tracheobronchial defects (Bryant 1965) , and to promote the healing of bronchial anastomoses (Turrentine et al. 1990) .They have also been used in the prevention of gastrooesophageal reflux in dogs and humans Toronto Press, pp 74-5, 80-3 vascular supply. The left 11th intercostal muscle group was studied because this muscle provided the longest length of intercostal muscle without incising the diaphragm. The liver prevented an easy dissection of the intercostals on the right side of the abdomen. Dissection of the left 11th intercostal space confirmed the presence of segmental vein, artery and nerve within a discrete bundle, passing between internal and external intercostal muscles, parallel to, and just below the inferior border of the 11th rib.
The presence of the nerve was confirmed with histological staining techniques, while aortography demonstrated segmental intercostal arteries. The division of the intercostal artery into peritoneal and muscular branches is a feature not previously described. Aortography confirmed that the muscular artery travelled within the muscle substance: when the intercostal muscles were mobilized, and contrast medium was infused, the arteries were still seen within the mobilized muscles. This also confirmed that an intercostal muscle flap could be created with an intact arterial supply. The distal motor latencies of the intercostal wraps were consistent with intact intercostal nerves. The viability of a muscle flap depends upon an intact neurovascular supply. This study confirmed the suitability of the intercostal muscle for use as a muscle flap in surgical procedures within the abdomen. It possesses a discrete neurovascular bundle which is easily seen and conveniently situated within the intercostal space, so that when the muscle flap is created, its nerve and vascular supply are not interrupted . • (Demos et ai. 1967 (Demos et ai. , 1993 . However, when assessing pedicle histology at autopsy, Demos found that approximately half the pedicle contained 'progressive muscle degeneration' (Demos et al. 1993) .
In this study, aortography and electrical stimulation confirmed that the intercostal muscle was mobilized without interrupting arterial or nerve supply. This is at odds with the findings of Demos, suggesting either that the pedicles had lost their neurovascular supply, or that when tendons and insertions are severed prior to transposition, the loss of passive tension causes muscle atrophy (Goldspink et al. 1991) . This study looked at the potential of this pedicle, by defining its surgical anatomy, and assessing whether it could be used as a flap with an intact neuro-
